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RECEIVED 
CENTRAL FAX CENTER 

In the Claims: MAR 2 1 21)07 

(Cancelled) 

40, (Currently Amended) A method of making an attenuating and phase-shifting mask for 
use in semiconductor manufacturing, the method comprising: 

obtaining a prefabricated mask blank designed for use with light of a first wavelength^, 
wherein th e prefabricated mask blank woo made by a first company, t he prefabricated mask blank 
comprising: 

a transparent layer, and 

an attenuating and phase-shifting layer (attPS layer) formed on the transparent 
layer, the attPS layer having an initial attPS-layer thicknessJD> q> wherein tho - prefabricated mask 
blank is adapted for e tching clear oroao into th e attPS layer and stopping th e e tching of cloar 
areas at th e transparent layer so that tho initial attPS layer thioknoao and tho clear area without 
attPS layer material ther e at will pr evi4 o a first predet e rmine d phoao s hift and a first 
pred e termined transmittnnce for light of tho first wavelength; and 

patterning and adapting the prefabricated mask blank to be an adapted-patterned mask for 
use with light of a second wavelength^, go that a second predetermined transmittonoo and a 
second pr e d e t e rmin e d phas e shift arc provided by light of th e s e cond wavelength passing thro u gh 
dark- ar e aa of tho adapt e d patt e rned mack relative to light of tho second wavolongth passing 
thr o ugh c l ear areas of th e adapted pattern e d mask, w herein the second wavelength is smaller than 
the first wavelength, wher e in tho patterning and adapting is performed by-a s e cond company, tho 
oooond company being different than the firot company, t he patterning and adapting comprising: 
reducing the attPS-laycr thickness of the attPS layer to a first attPS-layer thickness 
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Djjrt [[the]] dark areas, and 

patterning and etching the attPS layer to form the clear areas, wherein a portion of 
the attPS layer remains with a second attPS-layer thickness at the clear areas, the second 
attPS-layer thickness Q± being smaller than the first attPS-layer thickness wherein the 
transparent layer has a same thickness at the clear areas and the dark areas. 

41. (Cancelled) 

42. (Currently Amended) The method of claim 40, wherein the patterning and adapting 
further comprises: 

before the reducing pf the initial attPS-layer thickness Da of the attPS layer and before the 
patterning and etching of the attPS layer to form the clear areas, determining the first attPS-laver 
thickness D i_and thesecond attPS -layer thicknesses D^for providing &e-se cond - pr e detemiin e d a 
desired combination of t ransmittance and th e s e cond prodotormm e d phase shift at second 
wavelength \ b v using the equations: 

*t = [2(nrl)(Dt-D 3 )/\]l80 D , 
Ti = AtexpHxktDi/M, 
T 2 = At exp(-'47rkt D 3 / \), 
T t = Ti/T 2 = exp[-4Tk t (Dt-D3)/\], where 
- \ is the oocond wav e l e ngth; 
n t is refractive index of the attPS layer at \, 
k t is extinction coefficient of the attPS layer at \, 
A t is a constant for the attPS layer at \, 
g + is th e first attPS layer thioknoas, 

TSM02-D936 Page 9 of 1 6 

PAGE 10/17 * RCVD AT 3/21/2007 3:05:03 PM [Eastern Daylight rime] 1 SVR:USPTO-EFXRF-6/24 1 DN!S:2738300 * CSID :97273292 1 8 * DURATION (miM$):02-58 



03/21/2007 13:00 9727329218 



SLATER & MATS I L LLP 



PAGE 11/17 



D p is th e s e cond QttPS layer thiolaioag, 

Tj is a first tfc^transmittance through the dark areas based on using D, and 

K 

T2 is a o e oond the transroittance through the clear areas based on using D3 

and \, and 

$t is the o e oond prodotorminod phase shi ft of light through the dark areas 
relative to light through the clear areas.? 

T i in tho aocotid predetermined trongmittanco. 

43. (Currently Amended) The method of claim 40, wherein the reducing of the initial attPS- 
laycr thickness of the attPS layer to the first attPS-layer thickness Ui is performed prior to the 
patterning and etching of the attPS layer to form the clear areas. 

44. (Currently Amended) The method of claim 40, wherein the 9e cond - pred e t e rmined 
desired phase shift is about 1 80 degrees or greater. 

45. (Currently Amended) The method of claim 40, wherein the s e cond pr e determined dark 
area_transmittan.ee is between about 2% and about 20%, 

46. (Currently Amended) The method of claim 40, wherein the second prodotomiinud dark 
area transmittance is between about 5% and about 15%. 

47. (Currently Amended) The method of claim 40, wherein the < 
area transmittance is about 6% or less. 
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48. (Currently Amended) The method of claim 40, wherein the reducing of the initial attPS- 
layer thickness of the attPS layer to the first attPS-layer thickness Di is by etching. 

49. (Currently Amended) The method of claim 48, wherein the reducing of the initial attPS- 
layer thickness Qo of the attPS layer to the first attPS-layer thickness is by reactive ion 
etching. 

50. (Previously Presented) The method of claim 40, wherein the etching of the attPS layer to 
form the clear areas is by reactive ion etching. 

51. -52. (Cancelled) 

53. (Currently Amended) A method of making an attenuating and ph ase-shifting mask for 
use in semiconductor manufacturing* the method comprising: 

obtaining a prefabricated mask blank designed for use with light of a first wavelength^, 
wh e rein the profabricat e d magic blank was mad e by o firat company, the prefabricated mask blank 
comprising: 

a transparent layer, and 

an attenuating and phase-shifting layer (attPS layer) formed on the transparent 
layer, the attPS layer having an initial attPS-layer thicknessD ^ wherein the profabricat e d m as k 
blank is adopted for etching clear aroao into tho attPS layer and stopping tho otching of clear oroao 
at th e transparent layer so that tho initial attPS layer thickn e ss ond-tho clear ar e a without attPS 
layer material thereat will provide a firot predetermined phage s hift and a first pr e determined 
tronomittonc e for light of tho first wav e l e ng th; and 
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patterning and adapting the prefabricated mask blank to be an adapted-patterned mask for 
use with light of a second wavelength^, oo that a oocond predetermin e d tranamittonoo and a 
ee cond pred e t e rmined phaeo shift ar e provided by light of the second wavelength pas s ing through 
dark ar e as of th e adapted pattern e d mask relative to light of the aeoond wavelength passing 
through - clear aroao of the adapted patterned mask, wherein the patterning and adapting io 
performed by a oooond company, the second company b e ing different t han th e first compan y? 
wherein the second wavelength is smaller than the first wavelength, the patterning and adapting 
comprising: 

reducing the initiaLattPS-Iayer thickness of the attPS layer to a first attPS-Iayer 
thickness at the dark areas, and 

patterning and etching the attPS layer to form the clear areas, wherein a portion of 
the attPS layer remains with a second attPS-layer thickness at the clear areas, the second 
attPS-layer thickness D3 being smaller than the first attPS-Iayer thickness wherein the 
transparent layer has a same thickness at the clear areas and the dark areas, and 

before the reducing of the initial attPS-layer thickness of the attPS layer and 
before the patterning and etching of the attPS layer to form the clear areas, determining the first 
attPS-laver thickness D± and the_second attPS -layer thicknesses for providing th e s e cond 
prodotouuiued a desired combination of transmittancc and th e geoond predetermined phase shift 
at second wavelength \ by using the equations: 

* t = k [2(nrl)(D r D 3 )/\]180« 

Ti = Atexp^irktD, /\) ? 

T 2 - At exp(-4irk t D 3 / \), and 

T t = T,/T 2 = expf^TTkt (D r D 3 )/ \], where 
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Dt and \, 



using D 3 and \, and 



\ is the oooond wav e l e ngth, 

nt is refractive index of the attPS layer at \, 

kt is extinction coefficient of the attPS layer at \, 

A t is a constant for the attPS layer at \, 

D x is the first attPS-Iayer thickness, 

D 3 is the second attPS-layer thickness, 

Ti is a-Sfst the transmittancc through the dark areas -based on using 

is a s e cond the transmittance through the clear areas based on 

$ t is the se cond predetermined phase sh.ift 7 
^ io tho second prcdet e Hnined^ronamittanco . 



54.-67. (Cancelled) 
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